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- FORE®WORD

THE H-Coal process, developed by Hydrocarbon Research, Incorporaued,

(HRT) involves the direct hydroliquefaction of coal to low-sulfur boiler
fuel or synthetic crude oil. The 200-600 ton-per-day H-Coal pilot

plant is being operated next to the Ashland 0il, Incorporated, refinery

- at Catlettsburg, Kentucky, under DOE contract to Ashland Synthetic

Fuels, Incorporated. The H-Coal ebullated bed@ reactor contains at
least four discrete components: gas, liquid, catalyst, and unconverted
coal and ash. Because of the complexity created by these four components,
it is desirable to understand the fluid results of prior cold flow
model experiments (1) to the operating H-Coal PDU reactor in Trenton,

New Jersey. Studies are also plannad to examine the ccalescence behavior
of gas bubbles in three-phase ebullated beds.

The work to be performed is divided into four parts: £luid dynamics
measurements on the PDU reactor, gas bubble coalescence studies at
Borthwestern University, cold flow and mixing tests at Bmoco's Naperville
Research Center, and model implementation. The objective of this quaruerly
progress report is to outllne progress in the first two areas.
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SUMMARY D

'fCold flow fluldlzatlon experlments were completed us1ng a 9 8 vol% slurry‘e
of coal char in kerosene. ‘

_Nbrthwestern UnlverSLty contlnued development of the holographlc and
1lght praobe technlques. :

. INTRDDUCTION

The fluld dynamlcs of the H—Cbal reactor has besn prev1ously studled in 7

a cold flow unit. Reference 1 provides details of the construction of & |

the unit and results of tests with a variety of gases, liquids, and '_

catalyst sizes. A semi-theoretical model was developed to predict the .

© volume fractions occupied by the gas, llquld, and catalyst phases.-'The_*
aims of this new contrac; are fourfold. . '

1) The model developed using cold flow unié’test'resuits wiil be

- extended to apply to the oyeratlng BFCoal 20U reactor._jf_ 5 o

2) Because gas bubble dynamlcs are cruczal in determlnlng the nature of . .
;the flow, studies of bubble flow will be performed at Northwestern
. Unlver51ty u51ng optlcally clear beds.

3) quuld m1x1ng tests wlll determlne the res1dence tlme dlstrlbutlon .
i of liguid in the reactor. Under the previous contract, it was
" determined that the coal char fines (simulating the unreacted coal ’
~ and ash) were uniformly distributed throughout the bed. Hence, the
" measurement.of liguid data. is essential for modellng the residence
.time and klnetlc parameters associated with the unreacted coal.

4) - The model w1ll be 1mplemented 1nto a readlly usable format_fd_;” .

; ’DATA CDLLEC”ION :_'

"HRI PDU Fluid Dynamlcs Stuay -
Amoco Cold Flow Fluld Dynamlcs Tests

g Cold flow tests were performed to measure the’ behav1or of a. 16 72 wt% )
" (%.8 vol%) .coal ‘char/kerosene slurry with nitrogen in fluidizing cylin-
drical catalyst pellets. Slurry samples were w1thdrawn from the- reactor
T to Verlfy the. coal flnes concentratlon." : . .

No:thwestern Uhlver51tg ,‘

' Gas Bubble Dynamics

'_Experlmental efforts contlnued at Northwestern this perlod. ’The'ﬁew' o
lenses for the holographlc system vere 1nstalled, and a hologram was'a;..'



. _2_
taken which showed the images of gas bubbles in the;fluidizgd glass bed.
Data analysis procedures were developed for the light probe experiments.
The requirement for a computerized holographic image analyzer for the
holographic experiments was specified, and the construction was started.

Northwestern's monthly progréss reports appear in Appendix A.

DATA ANALYSIS

ERI PDU Fiuid Dynamics Tests
2moco Cold Floy Fluid Dynamics Tests

Table T summarizes the measured coal char fines concentration (as deter-
mined by millipore filtration) in the kerosene.

Catalyst bed expansions versus ligquid and gas velocities are tabulated
in Table II. The corresponding data are plotted in Figure 1. At lower
liguid velocities (U; < 0.120 ft/sec), some ev1dence of bed contractions
with increasing gas rate is seen. -

Dense-phase fluid dynamic variables (gas, liquid, and catalyst holdups,
and the Darton~Harrison drift flux, Vep) are tabulated in Table ITI.

The drift flux is plotted versus gas holdup in Figure 2. The solid line
represents the ideal bubbly region, while the dashed lines represent
system behavior in the transition region between ideal bubbly and churn
turbulent. Although thére is some scatter in the data, the stabilizing
effect of increasing liquid velocity is apparent.

PLANS FOR THE NEXT PERIOD
1) Continue analysis of HRI PDU fluid dynamics tests.

2) Complete a series of cold flow fluld dynamics tests at higher coal
char concentration.

3) Continue efforts at Northwestern University.

4) Begin preparations for liquid tracer work.

REFERENCES

1} I. A. vasalos, et .al., Final Progress Report, "Study of FEbullated
Bed Fluid Dynamics for H-Coal," Contract DE~-ACO5-77ET-10149,
February, 1980.



NOMENCLATURE . - . .. S e oS

g ... Volume fradt_icn of component

u ' .~ ‘superficial velocity . . TIRECENE P S ..;:.:5 Ft/Sec’ o

Vcb‘_ " . Da_ri':on_-ﬁarr_ison_nrift' Flux - - ... mm/Sec |

- ' -Sﬁbsérigfs

, b- S .‘ Be& ::(;dginse)‘ phase valL.x'_e.
‘c; o Cataj_yst o SR
g = ‘GaAs';..‘ o

| v . a Detei'mined by ¥ -ray absorption e

' " Ap o v Dete:mil}?ﬁ by-AP measurement .



Sample ID

AU-77-16%9
AU-77-170
AU-77-171

au-77-172

Average

DHR/ml
3/15/82

TABLE I

COAT, CHAR CONCENTRATIONS IN KERCSENE SLURRY, RON 222

v_Sample iocation

First spool piece (reactor base)
Second spool piece (60" from reactor basg)'
Third spool piece (120" from reactor base)

Fourth spool piece (180" from reactor base)'

W% Coal Fines

 16.08

15.75
16.63

18.43

$16.72 + 1.18
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l TABLE II
» BED EXPANSION FOR RUN 222
) -2- . .
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CALCJLATED HOLDUPS

LTOUID

FLOW RATF. .

RUN NO, " FT/5EC
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MONTHLY (OCTOBER 1981) PROGRESS REPORT ON Amoco DOE CONTRACT |
o "ON-H-COAL FLUID DYNAHICS"

I. Light Beam Probé

A) Small Bubble'Aﬁaiysis'

The ana}ysis-procedﬁre aﬁd computef routiﬁes necés;any for tﬁe' |
reduction of data from small. (O 06 mm to’0.2 mm.dianeter) bubbles are
now essent1a1}y comp]ete The rout1nes have been checked out using
'nuner1ca11y s1mu1ated data and our next step will be to test ‘them
using data generated from Iatex part1c1es hav1ng a known size dTStrT-
.but1on;»~A'sma11 grav1ty dr1ven_f]ow apparatus to c;rcu1ate the-Tatgx
partié?és tﬁrouéh thé Tight beam.is now be%ng éssemb]ed. A descrip-
tion of the éhalysis mefhbd has been Qrit{eﬁ up énd}fo]]pwing the-
test wffh}the.latex pért{clgs; it will be put in Tinal form aﬁd made
ava11able to AMOCO | ‘ | |

B) Large BubbTe Ana1y51s

A more refined stat1st1ca1 ana1y51s procedure is be1ng worked -
out for the‘data collected from:.large bubbles (0.2 mm to about 4 mm
diameters). It is;basica1]y'thé‘5ame procedure as was written up
before, but w1th the add1t1on of rout1nes to smooth out stat1st1ca1

fiuctuat1ons in the accumu]ated data before 1t is analyzed.

I1. Holography ‘
A new lens has been mounted in the ho}ographiC'imaging equipment
Which will allow images to be formed totally behind the'ho]ographic

. plate. This will provide an’undbstructed view of the holographic _

image during reconstruction.,




'm.

”':;13—: i
After 1nsta11ation of the new Tens and ca31brat1on, the first
hologram was taken through the f1u1dxzed glass bed The depth -of”
f1eld of the deve?oped hologran wWas sma]l but dISt1NCt bubb1es
}'were observed These bubb?es were small (on the order of 0 2 )
and generaliy non—spheracal o | _ | ’
._ A ho?ographic 1mage analys1s system 1s current?y be1ng deve]oped.
It w111 make use of the a]ready ex1st1ng vxdeo camera/monxtor systen
ﬁ~-used to view reconstructed ho?ograms. An e1ectr0n1c system is. bexng

'dev1sed whzch w111 piace a bright vert1ca1 and hor1zonta1 11ne on the ,

”f::.mon1tor screen.( These 11nes w131 be movable by the analyst and the1r
“.:va051t1ons on “the screen wx}i be given as a 12-b1t b1nary word &y '

'“:1nterfac1ng thls to a- computer 1t w131 be poss1bie to ca?cu?ate bubbie

d1ameters from the1r ho?ograph1c 1mages. Current1y, the e]ectron7c o

fé'conpcnents are be1ng ordered for thas system. '

Conductwvx*v Probe}l'iiL'_' | |
":f Tra resu]ts from conduct1v1ty probe measurements whzch were .
Q.fiiﬂCTUdci 1n a prev1ous report show the variac1on of voad fraction '
:WTth re :pect to rad1a1 p051t1on, and both gas and Izquad flow races
'lUnfortcﬁater, due to the 11n1tat10ns on the 1nstrunent, the dependency
ot 'void fract1on on those parameters can be shown on]y qua?1tat1ve1y
- ;inot qucwt1tat1ve1y o : }' "} f :
»I? is. noted that at a constant 11qu1d flow rate, the voxd fraction
‘cd1str154t1on across the co}umn 15 more synmetrxc at higher gas f]ow
'rates. Th1s means 1ess channel1ng occurs in the bed as the gas flow -

_‘;rate is 1ncreased A?so, 1t is’ found that a more unxform dzstr1but1on
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of bubbTes can be ach1eved at higher 11qu1d flow rates.‘_ ,

- Fig. 1 and Fig. 2 shows the output signal from the probe as =
_tﬁe bed is fTUJdTZed; Once the probe is within the bed, it is no
fonger possib?e to d%stinééisﬁ the 1iquid phase from the gqs phase,
Obv10us]y further work W1th the probe is meaningless.

It is suggested te use an A-C probe instead of the b- C probe,
and to 1ncrease the conduct1v1ty of the liquid if 1t is possible.
A sensor of non-neg]xgibXe Tength may be useful accord1ng to the

- studxes of ﬁcffer et a] (1975) They used a nod1f1ed probe for the
neasurements in fine d1spers1ons | The average drop diameter was
0.1 - 0.3°mmsin their experiment. Hoﬁever,'the caTibratioh work
of the probe was tedicus. ‘A1so? it seems ane;essaﬁy'tb,use tﬁé\i
probe teEﬁﬁique—sinﬁe it apﬁears that better measureméntsican bel-

tak?ﬁfgylgéing;a"1aser.

Reference: | v
Hoffer, M. S. and Resnick, W. ™ A Modified Eléctrdresistivity Probe
Technique for Steady- and Unsteady-"State Measurements in Fine Dispersions.”

Chem. Eng. Sci. Vol. 30, pp."473-52%, 1975.
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HDNTHLY (DECEMBER 1981) PRDGRESS REPORI ON AMOCO DOE CONTRPC”

"ON H-COAL FLUID DYNAHICS"A

tigﬁt.Beam Probe o

.fA The wcrk on the Light Probe pcrtlon of the project durrng the e

. mcnth of December was a contlnuatlon of the effort begun in November .

wto organlze and descrlbe the data.analySLS procedures. Ideas and
,_assumptlons that were somewhet shadcwy before are, es a result,_;:‘“"'

: becomrng more clearly deflned In addltlon, mcre reflned methods S

T of accomPllshan certaln tasks, such -as data smoothing, are belng iu

B 1ncorporated lnto the prccedures.-

1.

e,

Hologra_;i

The deszcn of a holocraphrc jmage analysrs system is now ‘;-*

’.complete, alone wrth part1a1 ccnstructlcn and testlng. Thls-system '

lS de51gned to view the hologram on a vrdeo screen and by placrnO‘-'

:-~mcvab1e “crosshalrs“,at deszred locatlons, calculate 1mage 51zes.

. Dlstances are calculated on the v1deo screen by cbtalnlng dlgrtal
repreSentatlon cf the x and y POSlthnS and storlng these 1nto a

jcomputer._57 B

At thlS tlme the vzdec “crosshalrs“ system has been assembled
and is worklng properly. It zs ‘now possrble to move |2 thln horlzcntal.

and vertlcal 11ne anywhere on the screen.'?.These lines-are‘f-a

_ifsuperlmposed on the normal vzdeo 1mage and are- centrolled by'means T

"nof keyboard swztches representlng “up “dowu" "rzght“; and “1eft L

"It is. also p0851b1e to edjust the speed at whvch the llnes move.

Parts are now belng ordered to complete the system. These

T 1nc1ude a cable ta run data to the department s PDP ll/AA computer

~and asscrted electronlc components necessary for data transfer.
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It is hoped that upon arrival of this additional equipment the

image analysis system will be completed within a month. -



I.

».,'lS now nearly ccmplete. Tﬁn srgnlflcant 1mprovements have been msde R

-le-
MONTELY cmvsmra 1981) mca:»:ss “REFORT c@z Amco mv COB?IRAC"’

"023 H-COAL FLUIB D’I\IA}IICS"

‘-1ight Beam.Probe'

”he develepment of our ana1y51s procedures for the 11ght beam data

?ﬂzand they are"ﬁ;

'.5}1,. A refznement of our orzglnal large bubble analysrs procedure whlch

' Iextends rts ranae of" applrcabzllty to bubbles wwth radrl down to

' approxlmately the beam radlus (80 um) ”hs preVLOLs lower 1im_t f,

o was about three tlmes the beam radrus.ﬁ}

..‘.

S i}"The addltzon of routlnes to de “1east square“ flts ef smcoth but o

“-r--otherw1se arbltrarrly shape& curvss tO thG size. and veloclty dlstrl-

.?_; butxon data The deoree of 1mposed "smsothness“ can he speczfzed

Our current effcrts are to ccnsolzdate thn prcvress we have msde

7.over the past few mnnths and th 1nto a coherent packa°e~both the 1deas

."1nv01ved and the numerous computer routlnes necessary tc 1mp1ement the.

_.1deas.;

. IL.

.Hblograghz

T It hss been determined that a more sophistlcated msthod of hologram

rJanalyszs 1s needed in order to speed up data acqulsltlon thereby maklng

hls research technlque more attractlve. It is felt that the 51mplest.ané :

: !imost inexpensrve device woald be one whlch ellmlnates the need for hard- '

' Lcopy photos whlch focus upan dszerent planes 1n the recenstructed hclocrcm.

' Slnce a vldec camera and msnltor ‘are. avarleble, such a de71ce wauld only

have tc be capable ef mskluv measuremsnts on the vzdeo screen end transfer
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these to a cémpateéa_ Such a-dev4ce-has-been designed ané is partiaIly
constructed,'yhich, hopafull ’ will display'a'horizontal and ver t1ca1 line
on the video monitor, superimposed ﬁpén the focused image of éome plane in
ﬁﬁe hologram. The positions of-these lines will be ﬁanuélly controlled
and fed into a computer. Thus, the researcher can determlne the x and y
'posztlons of a palnt on the surface of a bubble and by recordlng several
- such points, can calculate the diameter of the bubble.
Currently, the baszc c1rcu1t has been bullt and the'next Step is to
construct slgnal condltlonlng circuits for the video output and for the
- horlzontal and vertlcal sync pulses. Also the questzon of just how to
flnterface the 12~b1t dlgltal words, whlch contaln the x and y positions,
with a computer must be resclved. |

I1L. Resistivity Prbbe

A topicai'repprg on the use of'resistivify ﬁrobe is being’?repared.






